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KETIROP ARCRAFT, INC.

PROGRESS REP(RT - RESEARCH ON HIGH LIFT BOUMDARY LAYER SUCTION
INVESTIGATIONS ON THIN HIGH SPEED WINGS

CONTRACT ¥onr-775(C3)

I. BRIEF OF COWFRACT

b. Fismancisl
Estimated Contract Valus $74,715
Expanditure to 28 February 1353 25,038
Unexpsnded Balancs $19,681

To insure continuai.ce of this program, which at present is approximetely
55 per cent complste, HiIl letter 8L00-53-67 dated 13 Januwy 1953 was
gsont to the Gffice of Haval Research requesting additiocnal funds and
sxtension of time to 31 August 1953. Tochnical date outlining accomplish-
@eats to dats, pecrent plans for funds remeining, and plans for funds
roquested are in process of preparation for suwmittal to the Navy Project
Cfficer through KAL's VWashington representative.

B. Basis Comtract

Supply the nssecsery pavsonnel and faeilities for, and in sccordancs with,
any imstrustions fssued by the Scizatific Cfficer or his suthorised
reprezantative; condnit resesarch za high lift bourdary layer emi circu-
lation suction caleulations and cxperisente with thin swept wings.



SECTRITY INNORMATION CONFIDENTIAL Page 2
I, TECHNICAL PROGRESS
A, etical Investigetions

i, Bou:ads.r;; %r Control at the Leading Edge of & Thin
lligh Iif ction Wing Without Leading Edge Fleps

On a thin airfoil without deflected lsading edge Uiap, nigih local
velocitiee and low negative pressurs peaks develop at large ¢l

on the unper surfacs ab ihs leading edge. In order to délay

leading edge separation to higher cp, boundary layer control should
be applied on the unper surface in the region cf the sdverse pressure
gredient within the first few per cent of tim chord.

Boundary layer calculations et Northrop have shown that basically it

should bs possible to msintain laminar flow at largs ¢y, through the

region of this adverss pressure gradient on a thin high 1ift suction
wing by means of bouwrdacy layer sucilon wilh exirsmely small suction
quantities, On & siraignt <-dimonsional HACA 0006-64 section with a
60° to 70° deflected trailing edgs suction flsp ¢, max = 3.5 could be
expected with a suction guantity &t the leading edge of CQ=_Qa <«

- U, 8
2, 5 °1¢ " at a chord Reynolds number of 10'. 7The quastion srises
&8 to how ths theoretical estimatee have been verified by the
experimant .

High 1Aft suction experiments at Ames on an F86 wing with continuous
suction at the leading edge {Raference 1) heve shcun considsrapiy
larger suction quantities than laminar boundary leyer thsory
indicates. Considerable effort was therefore rpent in

the discrepancy betwecn theory and experimsnti. Laminar suction
exparimants in & narrow channsl with contimious suction as well as
with suction tarcugh slots (Refersnces 2, 3, and L) zonfirm that
laminar flow can be maintained through a considerabls pressure rise
by aeans of suction with appraximately the theoretical suction
quantities. In these experiments the velocity distribution alcng
the charnsl at the edge of ths boundary layer was very similar to
that arouni ihe iezding edge of & high 14£ suction alirfoll at high
er. It is therefore dowtful whether the boundary layor on the FB&

_‘__"U

wing had actually been laminar in the suction region,

Premature transition might huve besn cousad on the F86 wing for the
following reasons, It waa suspected that sparwise flow on the F&6
wing might have infiusnced transition: Iritish expriments
(References § ard 6) have shown that swesp cau e&sily causs prazature
transition by the formation of dynamically unatabls bourdary lsjss
profiles in the direction normal to ths clrsazline 2t ibe ¢dge of

the bourdary iayar (Referevca 7). Laminar boundary isyer careu-
laticns ot Horthrop of the spanwise flow, howaver, indicnte that
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spanwise flow sheuld not have .nfluenced to any extsnt the stebility
and transition of the lazinar boundary laysr at the i:ading adge

of the F86 wing duriag the high 1ift suction tests at Ases. Experi-
ments at the National Physical Laboratory and at Northrop oa &
roteting disc, confirmed that the locsl Keynolds mumber of the span-
wise flow at the leading edge of the F86 wing was probably too low
to induce premature transition (on = rotating disc the radial
boundary layer profiiss {(Reference 8)) siow the sase ty of in-
stabiiity as ihe boundary laysr oo & swept wing in iis rsgion of

a pressure gradiest).

Aunother reason for premature transition on the F80 wing might hawe
boen excessive &uwr face roughness and woevinsss in the suction region
at the leading edge. Since the boundary laysr is very thin at the
leading edge, surfacs roughnoss is particulariy critieal. At high
cf, the surface roughness 2t ‘he leading edge of the Fif wing during
the Ames experimemts was approximately as critjcal as on a laminar
fiow wing of - chord ad 20 - 109 to 25 « 1i0° chord Reynolds mumber
at the design 1ift coefficient, It is strongly suspecied that <«=-
cessive surface roughness and waviness haas csused premsture iran-
sition on the F26 wing in the suciionm rsglon, thus rsquiring
considerably stronger suction then with a laminar boundary layer.

An interesting possibility has been found for cornducting basie
leaminer suction experiz=zits in a relatively simple manner at the
leading edge of & high 1lifi suction airfoil under full scals
conditione, The potential flow pressure distribution calculations
on varicua high 1ift suction wings of differsn%t thicknsss ratios
and the came thickness distribution curves are obtained by plotting

the static pressures versus { X }
F o
\

-:'L?;?Jl
()

¢ /7 starting from the sanp =iniamm
pressure peak. (X = coordinste in chordwise directicn, Ry = loading
sdge radius, C = wing chord)., Por sxample, the local flow corditions
arcund the leading edges of 2 0006-64 high 1iff suction wing are
approximately the 2ams as those around a 0012-64 high 1ift suction
wing with a four times smailer wing chord (assuming tiw seme tunmel
speed). This means that leading ouign bDovadary layer conirol can be
studied under full scale conditions on relztively small models ard
in sasller wind tunneis by using modsls with & lerger percentage
thickness ratio and leading edge radius.

Leading edge boundary layer suctica can Ye accomplished iirocugh =z
rorous surface or through several fine slols, A well designaed
contimicus suction through a porous nurface is servdynasically
slightly supsricr than suction through several siotz., Howsver,
the larger surfacs roughness and waviness of 4 porous surfacs may
easily compensates its slight aercdynamic advantage,

CONFIDENTIAL
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-

unction or blowing) in tne Rezic
cted Leading and T

-4 i
: ':m 8 Alazlil ﬂ.f‘nﬁ

From the stardpoimt of oy pax @ thin high lifc suction wing with

dsflected leading and traiiing edge [lap and boundary layer cantrol
(suction or blowing or combimation cf both) in the rezion of the
fleap axis (frost and resr flap) ssems pro=ising. Calculations of
the turbulent boundary layer developmsnt oz inhin high 14ft suction
winge indicate that reletiwely small suwtion quantities should
enable 2tiached turbulemt flow over the tralling edge flap ay hign
sy, « (CQ 2 0.005 ({eingle slct)) and 0.002 to 0.003 {{contimcus
suction)) at the rear flap axis for 0006-&4 section with 60°
defiected trailing sdge fap.)

With coatinuous suction of a turtulent boundary layer, the twrbulent
mirxing within the boundary layer in the suciion regicn is procably
considerabiy stronger than with suction in a singie slot for the
same pressure rise acrcas the suction region, Therefors, smtller
suction quantities should be expected with contimuous suctica than
with a singie slot. Conmtinuous 2uction can be approached by euction
through a porous surface ar tlrough a relatively large number of fine
slots or through & large nu=zber of fine holes,

Very provably, continuous suction at t.he flap axis is moro favorable
from the standpoint of hystsresis than suction through s siagie slot.
Purthemors, suction through single slots with well shaped alot
diffusers may be unstable under certain conditions. (Ths stetis
pressare in the suction chasbers may \ncreass wilh incressing
suction quantities within 2 certain suction range ((Rafsrsnse 9)}.
Sines zontinuous suwciion of a turbulent boundary layer iz ihe reglen
of the flap axis seems more favorabls than suction through 2 single
slot from the standpoint of suction Guantity, hysteresis, and
stability, it is intended to concsantrats particularly on contimuous

-

suction (porous surface, seversl fins sicts, rows of Zins holss).

2

o

Pressura Distribution Calculations

A report describing the results of potential flow pressure distrib-
ution calculations on thin high 1ift suction eirfoils is belisayg
complaled.

B. Experimental investigations
The design of & swept half zpan high 1ift sustion wing modsl s con-

tiouing. Additiosal preliminary slot diffuser expsrimsnte have been
conducted in ordsr to check some praviocus tests.
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Estisated Estinated Estimated

Weight Fercaat Phyeical

Thearetical Investigatione 40 g5 38
Kodel Design Py 80 le
Model Fabrication 20 +] 0
Experimeatal Investigetion 20 5 o
1008 558
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